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The genus Fuirena Rottb. is currently classified in the
tribe Fuireneae Reichenbach ex Fenzl (subfamily
Cyperoideae), based on the presence of spikelets with
many spirally arranged glumes, each subtending a
bisexual flower, and because of unique embryo charac-
ters. The trimerous Fuirena flowers have two whorls of
perianth parts that show a wide morphological variety
and various reduction trends. In flowers of F. ciliaris (L.)
Roxb., the outer whorl consists of three bristle-like peri-
anth parts opposite the stamens. The three scale-like
inner perianth parts alternate with the stamens. The
nature and exact position of the inner perianth parts
have long been a subject for discussion. In the context
of the ‘synanthium’ hypothesis, some authors have
interpreted the perianth parts as floral bracts.
Alternatively, the inner perianth parts have also been
interpreted as staminodia because of their appearance
and position. In this study we present new evidence in
favour of a conventional monocotyledonous penta-
cyclic flower model in Cyperoideae based on SEM
observations on the floral ontogeny of F. ciliaris, F. lep-
tostachya Oliver, F. abnormalis C.B.Clarke and F. pubes-
cens (Poir.) Kunth. Our observations confirm a penta-
cyclic organisation of the flowers within Fuirena, and
they corroborate the interpretation of the inner scales
and outer bristles as perianth parts.
The tribe Fuireneae Reichenbach ex Fenzl sensu
Goetghebeur (1998) contains five genera, including the genus
Fuirena Rottb., which comprises 30 species. Most Fuirena
species are tropical or subtropical, with centres of diversity in
Africa and America, growing in humid, open, low altitude
regions. A typical Fuirena spikelet can be considered as rather
unspecialised for Cyperoideae: it is composed of an indeter-
minate rachilla with many spirally arranged glumes. Each
glume subtends a bisexual flower. The flower has (0–1–) 3 or
6 perianth parts in one or two whorls, one whorl of 1–3 sta-
mens and a trimerous gynoecium (Goetghebeur 1986). The
style persists on the nutlet as a ‘cylindrical base’ (Muasya
1998: 189) or a beak-like structure (Goetghebeur 1986).
The perianth parts of Fuirena have been a subject of con-
troversy for a long time. Nevertheless, there is now consen-
sus about their tepaloid nature. The discussion started when
authors tried to consider the inflorescence and floral parts
according to the synanthium hypothesis (Mattfeld 1938). In
this context a Cyperaceae synanthium is defined as a
spikelet-like cluster of male flowers and floral bracts sur-
rounding a single, terminal female flower composed of a
naked gynoecium. The inflorescences of the Mapanioideae,
with their apparently terminal female flower surrounded by
many spirally placed floral bracts subtending (or not) a male
flower, were seen as typical synanthia. Mattfeld (1938), using
Dulichium L.C. Rich. as a model, thought that the five inner
perianth parts were structures corresponding to five traces,
remaining from the reduction of a single subfloral bract below
the supposed terminal female flower (the gynoecium). The
three outer bristles opposite the three stamens were seen as
bracts subtending monandrous male flowers. The female
flower plus the three male flowers constituted a composite
floral structure or ‘synanthium’ with the same functions as a
conventional bisexual flower. According to Mattfeld (1938)
the basic scheme in all Cyperaceae flowers would be the
same as in Dulichium, and hence all Cyperaceae flowers
were considered to be similar synanthia.
Kern (1962), in an attempt to derive bisexual flowers in
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Cyperaceae from the floral units of the Mapanioideae,
thought that the inner perianth parts of Fuirena were
attached in between the staminal whorl and the gynoecium.
He considered them to be empty subfloral bracts surround-
ing the terminal female flower. Comparing Fuirena with
Mapania Aublet., he stated that the ‘bauplan’ of Fuirena cor-
responds with that of Mapania, which he considered to be a
strong argument in favour of the synanthium hypothesis.
Based on detailed anatomical evidence, Blaser (1941)
proposed a trimerous pentacyclic ancestral flower model for
all Cyperaceae from which all cyperaceous flower types
could be derived by reduction trends. The proposed ances-
tral flower contained a calyx composed of three sepals, a
corolla composed of three petals, a diplostemonous androe-
cium, and a tricarpellate gynoecium.
Haines (1967) considered the Cyperaceae to have
evolved from the Juncaceae. He also suggested an ances-
tral floral diagram of a ‘liliiflorous plant’, similar to Blaser’s
(1941) prototype for Cyperaceae. Haines argued that the
staminal filaments in Fuirena umbellata Rottb. ‘…lie at most
on a level with the perianth segments and not outside them.
There is then no need to consider these florets as synanthia’
(Haines 1967: 55).
Mora-Osejo (1987) stated that the ontogeny of different
Cyperaceae flowers (Oreobolus R.Br., Fuirena, Dulichium,
and Eriophorum L.) does not support Mattfeld’s synanthium
theory. With regard to Fuirena, he described in detail the
morphology of the inner and outer perianth parts of F. pubes-
cens. He indicated the members of the inner whorl to be
petals. In some Fuirena species, a wide intraspecific mor-
phological variation of the perianth parts has been observed
(Wingfield 1977, Forbes 1997). They may appear as scales,
as scales with a long bristle-like protruding midrib, or as bris-
tles (Mora-Osejo 1987). Forbes (1997) doubted the system-
atic value of the morphological variation of the perianth
parts, suggesting it to be influenced by environmental condi-
tions.
Bruhl (1991) regarded the relative positions of the perianth
parts of the inner whorl with respect to the stamens and the
gynoecium as important in determining arguments for or
against the synanthium theory. He concluded that in the
species examined, the inner perianth parts are always posi-
tioned outside the staminal whorl and that ‘…the evidence
available for these genera is consistent with the convention-
al interpretation of their floral units as “flowers”’ (Bruhl 1991:
124). Goetghebeur (1998) followed the hypothesis of Bruhl
(1991), interpreting the Cyperaceae flower in a classical
way, with a standard trimerous pentacyclic arrangement.
Materials and Methods
The young spikelets of four Fuirena species (Table 1) were
preserved in FAA (70% ethanol, acetic acid, 40% formalde-
hyde, 90:5:5). Floral buds were dissected in 70% ethanol
under a Wild M3 stereo microscope equipped with a cold-
light source (Schott KL1500). The material was washed
twice with ethanol (70%) for 5min and then placed in a mix-
ture (1:1) of ethanol (70%) and DMM (dimethoxymethane)
for 5min. Consequently the material was transferred to pure
DMM for 20min, before it was CO2 critical point dried using
a CPD 030 critical point dryer (Bal-Tec). The dried samples
were mounted on aluminium stubs and coated with gold with
a SPI-ModuleTM Sputter Coater (SPI Supplies). Images were
obtained on a JEOL JSM-5800 LV scanning electron micro-
scope at the National Botanic Garden of Belgium in Meise.
Results
Floral ontogeny of Fuirena pubescens
As in other Cyperaceae, the floral ontogeny of a flower of
Fuirena pubescens begins with the formation of a lateral
bulge below the apex of the rachilla from which the glume
and the flower primordium become clearly distinguishable
(Figure 1A–E). The midrib of the glume protrudes (Figure
1E). Two lateral stamen primordia emerge from the flower
primordium, followed by a third, abaxial stamen primordium
(Figure 1E–F). On the top of the flower primordium, the
gynoecium primordium appears, which differentiates into an
annular ovary primordium surrounding a basally placed
ovule primordium (Figure 1F–I). At this stage, the stamen
primordia enlarge rapidly and the differentiation of the
anthers begins (Figure 1I–J).
At the base of the stamens perianth part primordia appear
(Figure 1H–I, K). The outer perianth parts opposite each sta-
men become apparent earlier than the inner perianth parts,
which alternate with the stamens (Figure 1I and K). One of the
inner perianth parts is positioned opposite the adaxial face of
the ovary (Figure 1L). The gynoecium, the perianth, as well as
the stamens are placed upon a peduncle (Figure 1M, P–Q).
With the anthers already well differentiated, three stigma pri-
mordia can be observed around the basal ovule primordium
(Figure 1J). Simultaneously with the differentiation of the
anthers, the ring primordium of the ovary is growing up by
intercalary meristematic growth at its base, covering the cen-
tral ovule and forming a solitary style. Meanwhile, the three
apical stigma lobes continue developing (Figure 1L and O). At
maturity of the flower, the surface of the stigmas becomes
papillose (Figure 1O). The perianth parts grow very slowly and
they remain rudimentary (Figure 1P–Q).
Floral ontogeny of Fuirena ciliaris and Fuirena lep-
tostachya
The development of the flower buds of Fuirena ciliaris and
Fuirena leptostachya strongly resembles the floral ontogeny
of Fuirena pubescens (Figure 2A–F, Figure 3A–F). The mid-
vein of the subtending glume protrudes (Figure 2M, Figure
3D and M). In the flower of F. leptostachya (Figure 3C–E)
only two lateral stamens are developed. The perianth of F.
ciliaris consists of three bristle-like outer perianth parts
Table 1: Material studied and voucher data
Material studied Voucher data
Fuirena abnormalis C.B. Clarke Muasya 2192 (EA)
F. ciliaris (L.) Roxb. RKH 1173 (NT)
F. leptostachya Oliver Muasya 2136 (EA)
F. pubescens (Poir.) Kunth Muasya 2149 (EA)
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Figure 1: Floral ontogeny of Fuirena pubescens. (A) Apical view of spikelet with rachilla apex and successive stages of spirally arranged
flower primordia (1–3). (B) Lateral view of the apical part of a spikelet with spirally arranged flowers at very early stages. (C–D) Very early flo-
ral stages with subtending glume and flower primordium. (E) Two lateral stamen primordia appear, and the subtending glume develops along
its midvein. (F–G) The three stamen primordia and the gynoecium primordium have appeared. (H) Primordia of the inner perianth parts
become apparent (arrowed). (I) Formation of an annular ovary primordium surrounding the primordium of the basal ovule. (J) Differentiation
of the anthers, and appearance of stigmatic lobes. (K) Abaxial view with the outer perianth parts opposite the stamens. (L) Adaxial view with
the adaxial perianth part of the inner whorl, and two perianth parts of the outer whorl opposite the stamens. (M) Lateral-abaxial view with the
abaxial stamen (left) and one lateral stamen (right), and perianth parts. (N–O) Lateral-abaxial and adaxial view of nearly mature flowers. (P)
Adaxial view of the bristles in a maturating flower. (Q) View of the adaxial bristle in a mature flower. a = stamen/anther (primordium), FP =
flower primordium, G = glume, g = gynoecium (primordium), pi = inner perianth part (primordium), po = outer perianth part (primordium), o =
ovule (primordium), ov = ovary, sg = stigma (primordium), st = style, * = rachilla apex
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Figure 2: Floral ontogeny of Fuirena ciliaris. (A) Apical view of spikelet with rachilla apex and five successive stages of development of flower
primordia (numbered 1–5). (B) Flower primordium with subtending glume. (C) Subtending glume which is developing along its midvein, and
appearance of two lateral stamen primordia. Note the appearing primordia of the perianth parts (arrowed). (D) Appearance of the gynoecium
primordium and perianth part primordia (arrowed). (E) Idem, later stage. The abaxial stamen has appeared as well. (F) Differentiation of the
annular ovary primordium, apical view. (G) Start of the anther differentiation, apical view. (H) Abaxial view of young flower with all flower parts
apparent. Appearance of the stigma lobes. (I) Idem, lateral-abaxial view. (J) Developing flower, apical view. (K) Lateral-abaxial view of devel-
oping flower; the inner perianth parts become flattened. (L) Adaxial view of developing flower; style and stigmas already present. (M) Adaxial
view of young developing flower with complete subtending glume. (N) Nearly mature flower with stigmas that become papillose. (O) Nutlet
with persistent perianth parts. Note that that there is no persistent style. a = stamen/anther (primordium), FP = flower primordium, G = glume,
g = gynoecium (primordium), pi = inner perianth part (primordium), po = outer perianth part (primordium), o = ovule (primordium), ov = ovary,
sg = stigma (primordium), st = style, * = rachilla apex
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opposite the three stamens, and three scale-like inner peri-
anth parts alternating with the stamens (Figure 2K–L). In a
mature flower both whorls of perianth parts are well devel-
oped (Figure 2N). The perianth is deciduous with the nutlet
(Figure 2O). Both perianth whorls appear simultaneously
with the primordia of the lateral stamens and the gynoecium
(Figure 2C–D). While the gynoecium primordium is diffenti-
ating into an annular ovary primordium and an ovule pri-
mordium, the abaxial stamen is formed as well (Figure 2E
and F). The annular ovary primordium grows up, covering
the ovule (Figure 2G–J), and forming a solitary style (Figure
2L). Simultaneously with the differentiation of the anthers,
three stigma primordia appear on the top of the ovary wall
(Figure 2G). The stigma primordia develop into three papil-
lose stigmas (Figure 2L and N). Note that the style is decid-
uous (Figure 2O).
In Fuirena leptostachya, the perianth is composed of two
whorls of three perianth parts similar to F. ciliaris, with regard
to their morphology as well as their ontogeny (Figure 3I–L
and N–P). The perianth parts appear simultaneously, the
outer each at the base of a stamen and the inner alternating
with the bases of the stamens (Figure 3C–G). In F. lep-
tostachya, the gynoecium primordium starts differentiating
into an ovary and an ovule primordium after the formation of
the stamens and perianth parts (Figure 3G). In F. ciliaris and
F. leptostachya, the flower parts are placed on a broadened
peduncle (Figure 2H–I, K–L, Figure 3I–L). The inner perianth
parts become flattened and scale-like (Figure 2I, K–L, Figure
3K–L, N–P). The ovary of F. leptostachya originates from a
ring primordium (Figure 3G–H), which grows up forming the
ovary and the solitary style (Figure 3I–L). Simultaneously
with the differentiation of the anthers, three stigma primordia
appear, which develop into papillose stigmas (Figure 3I–L,
N–P).
Floral ontogeny of Fuirena abnormalis
Laterally under the apex of the rachilla a glume primordium
appears first, followed by the formation of a flower primordi-
um in its axil (Figure 4A 1–2). While the glume is developing,
particularly along its midvein (Figure 4A 3–5), two lateral
stamen primordia appear. In some flowers a third, abaxial
stamen primordium is formed. The early development of the
gynoecium is similar to that described here for the other
Fuirena species. Three stigma lobes, two lateral-adaxial and
one abaxial, appear while the anthers are differentiating
(Figure 4A 6–7, Figure 4B–E). The ovary wall, which sur-
rounds and covers the ovule primordium, is formed by inter-
calary meristematic growth at the base of the gynoecial pri-
mordium (Figure 4B–D). On the top of the ovary a solitary
style develops (Figure 4D–F). The stigma lobes differentiate
into stigmas (Figure 4E–F, H). On the top of the anthers, the
connective protrudes forming a spiny tip. In a later stage the
base of each pollen sac swells, and becomes papillose
(Figure 4G). While the surface of the stigmas becomes
papillose as well, the apical part of the ovary is constricted
(Figure 4H, I). No perianth segments are present (Figure 4B,
E–K). The glume remains glabrous (Figure 4H–I). While the
nutlet is maturing, the style prematurely shrivels (Figure 4I).
Discussion
In Fuirena ciliaris, F. leptostachya and F. pubescens two
whorls of three perianth parts are present. The outer whorl
comprises three bristle-like perianth parts each opposite a
stamen, the inner whorl is composed of three scale-like
parts, that alternate with the stamens. In F. ciliaris and F. lep-
tostachya all perianth parts are well developed, whereas in
F. pubescens they remain rudimentary. In mature flowers
they are no longer visible, though Muasya (1998) reported
bristle-like perianth segments in some mature flowers of F.
pubescens. Fuirena abnormalis can be distinguished from
the other Fuirena species by its glabrous glumes, and the
absence of perianth parts. Its flowers can have two or three
stamens. On the top of the anthers spiny connective tips
protrude and the base of each pollen sac is swollen with a
papillose surface.
Goetghebeur (1998) and Muasya (1998) described the
style in Fuirena as persistent. Muasya (1998) reported that
the nutlet of F. abnormalis includes the base of the style. Our
studies, however, show that the bulge on top of the nutlet is
due to a constriction of the apical part of the ovary. According
to our observation, the style in F. ciliaris is deciduous.
Bruhl (1991) examined the perianth of several cyperoid
genera (Eleocharis R.Br., Schoenoplectus (Reichenb.)
Palla, Lepidosperma Labill.) and concluded that the outer as
well as the inner perianth parts are positioned outside the
stamens. Our floral ontogenetic observations on four
Fuirena species clearly confirm that the inner perianth pri-
mordia alternate with the stamens and are initiated extrasta-
minally. Hence, there is no reason to consider them to be
structures other than perianth parts.
The morphology of the outer perianth parts is different
from that of the inner ones in Fuirena ciliaris and F. lep-
tostachya. The inner perianth part primordia rapidly differen-
tiate into scale-like structures, whereas the outer perianth
primordia become typical ‘bristles’. This caused some
authors to interpret the inner scale-like perianth parts as sta-
minodia (see Goetghebeur 1986). Blaser (1941), based on
anatomical evidence, and Mora-Osejo (1987), based on
thorough morphological observation, concluded that the
inner scales are petal homologues. In F. ciliaris and F. lep-
tostachya we noted that the primordia of the inner and outer
perianth parts appear simultaneously but in F. pubescens
the inner perianth whorl appears slightly later than the outer.
The outer perianth primordia originate at the bases of the
stamens and the inner perianth parts in between the sta-
mens. In Fuirena pubescens the perianth is also complete
but the perianth parts remain very rudimentary. Muasya
(1998) placed F. pubescens and F. abnormalis in the sub-
genus Pentasticha (Turcz.) Oteng-Yeboah, section Pseudo-
isolepis (C.B. Clarke) Cherm., a taxon characterised by very
rudimentary and bristle-like perianth parts or no perianth at
all. In F. ciliaris, F. leptostachya and F. pubescens the bases
of the perianth parts seem to be fused postgenitally through
the broadened flower peduncle. The reduction of the abaxi-
al stamen in F. leptostachya does not affect the number nor
the positions of the perianth parts. In F. ciliaris, the stamens
are shed whereas the perianth parts are persistent with the
nutlet.
Vrijdaghs, Goetghebeur, Muasya, Smets and Caris592
Figure 3: Floral ontogeny of Fuirena leptostachya. (A) Apical view of spikelet top with rachilla apex and successive stages of flower primor-
dia. (B) Floral primordium with subtending glume. (C) Subtending glume, which is developing along its midvein, and appearance of two lat-
eral stamen primordia and perianth primordia (arrowed). (D) Idem, later stage. (E) Appearance of the gynoecial primordium and of the per-
tianth primordia (arrowed), part of the subtending glume has been removed. Note the absence of the abaxial stamen. (F–G) Differentiation of
annular ovary and ovule primordia, abaxial view. (H) The annular ovary primordium surrounds the basal ovule primordium, apical view. (I)
Lateral-abaxial view of very young flower with all flower parts apparent. Formation of the stigmatic lobes. (J) Idem, adaxial view. (K) Adaxial
view of developing flower, with a flattening inner perianth part. (L) Lateral-abaxial view of developing flower, style and stigmas already pres-
ent. Note the reduction of the abaxial stamen, and the abaxial outer perianth part. (M) Adaxial view of young developing flower with subtending
glume. (N) Developing flower, adaxial view. The stigmas are growing out and become papillose. (O) Developing flower, apical-abaxial view.
Note the tubular abaxial perianth part and the two flattened inner abaxial perianth parts. (P) Nearly mature flower, lateral-abaxial view with an
abaxial flattened inner perianth part in between the abaxial outer perianth part (right) and a stamen (left). a = stamen/anther (primordium), FP
= flower primordium, G = glume, g = gynoecium (primordium), pi = inner perianth part (primordium), po = outer perianth part (primordium), o
= ovule (primordium), ov = ovary, sg = stigma (primordium), st = style, * = rachilla apex
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Figure 4: Floral ontogeny of Fuirena abnormalis. (A) Apical view of spikelet top with rachilla apex and seven successive stages of flower
development (numbered 1–7). Flowers 4 and 5 are hidden under the subtending glumes. (B) Apical view of developing ovary and ovule pri-
mordia. (C) Early stage of flower development, with stigmatic lobes appearing (D) Idem, later stage with differentiating anthers. (E) Idem, later
stage; at the apex of the anthers connective tips appear. (F) Abaxial view on developing flower, the stamens are well developed and at the
apex of the anthers the spiny connective is prolonged (arrowed). (G) Adaxial view of flower with three stamens, notice the pollen sacs with
swollen, papillose base (arrowed). (H) Adaxial view of nearly mature flower, note the constriction of the ovary top (arrowed). (I) Adaxial view
of a nearly mature flower with shriveling style (arrow). (J) Abaxial view of the base of a nearly mature flower with two stamens. No traces of
perianth parts are visible. (K) Lateral-abaxial view of the peduncle of a nearly mature flower with three stamens. No traces of perianth parts
are visible. a = stamen/anther (primordium), o = ovule (primordium), ov = ovary, sg = stigma (primordium), st = style, * = rachilla apex
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These observations bring new convincing evidence that
both whorls are conventional perianth parts, although inner
and outer perianth parts may differ morphologically.
Conclusion
The floral ontogeny of the species studied clearly confirms
that the flowers of Fuirena are built according to a conven-
tional trimerous monocotyledonous, pentacyclic ‘bauplan’.
The style of F. ciliaris is deciduous, and the ‘structure’ on the
nutlet of F. abnormalis results from an apical constriction of
the ovary. Fuirena ciliaris and F. leptostachya have a com-
plete perianth of two whorls of three well developed perianth
parts. In F. pubescens a similar but very rudimentary perianth
is present. In F. abnormalis no perianth segments are found.
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